As the theory is subject to a section condition, coordinates in double field theory do not represent physical points in an injective manner. We argue that a physical point should be rather one-to-one identified with a 'gauge orbit' in the coordinate space. The diffeomorphism symmetry then implies an invariance under arbitrary reparametrizations of the gauge orbits. Within this generalized sense of diffeomorphism, we show that a recently proposed tensorial transformation rule for finite coordinate transformations is actually (i) consistent with the standard exponential map, and further (ii) compatible with the full covariance of the 'semi-covariant' derivatives and curvatures after projectors are properly imposed.
is trivial,
acting on arbitrary fields as well as their products,
Further, the DFT-diffeomorphism symmetry is generated by a generalized Lie derivative,
where ω is the weight of the DFT-tensor, T A 1 ···An (x), and V A (x) corresponds to the infinitesimal DFTdiffeomorphism parameter which also obeys the section condition,
The pioneering works on DFT [6] [7] [8] [9] focused on the NS-NS sector. The action was written in terms of 'ordinary' derivatives acting on a "generalized metric". While the O(D, D) structure was manifest, the diffeomorphism symmetry (1.3) was rather hidden. Since then, to the best of our knowledge, there have been three kinds of proposals for the underlying differential geometry of DFT, apart from the (undoubled) generalized geometry approach [62] [63] [64] [65] .
Firstly, involving the present author, a semi-covariant derivative was introduced, to start with for the NS-NS sector [10, 11] , and generalized further to fermions [12] , to the R-R sector [13] as well as to Yang-Mills [14] . The crucial feature of the semi-covariant derivatives is that, combined with 'projection' operators, they can be made fully covariant. In this approach which we henceforth refer to as T-geometry c.f. [53] , the original "generalized metric" was traded by a pair of orthogonal and complete projectors, such that a conceptual emphasis was put on the action of projection (into two opposite modules), rather than questioning any geometric meaning of the generalized metric, e.g. "measuring length". 2 After all, it is the flat O(D, D) metric (1.1) that raises or lowers the positions of the DFT vector indices.
Secondly, based on an earlier work [4] , more orthodox approach was pursed to postulate a fully covariant derivative [40, 41] . Yet, the required connection with all the desired properties turned out to inevitably contain non-physical parts which cannot be constructed from the NS-NS sector. The undecidable nonphysical parts amount to the (2, 1) traceless GL(D) Young tableau. After 'projecting' them out, this approach was shown to be consistent with the aforementioned semi-covariant, T-geometry [40] . An indexfree, basis-independent formulation of this approach has been also addressed in [42] along with in-depth discussion on curvatures.
Thirdly (and very recently), another interesting approach was proposed in [43] where the Weitzenböck connection was employed which, compared to the previous two approaches, assumes a simple form. It leads to a fully covariant derivative for the diffeomorphism symmetry, but breaks the local Lorentz symmetry. Demanding the local Lorentz symmetry at the whole action level, DFT can be restored, at least for the NS-NS sector. One novel feature in this approach is that -quite opposite to the T-geometry attitude- While all the three approaches seem to complement to each other, it is also true that so far the full order supersymmetric completions of DFT have been accomplished within the semi-covariant T-geometry setup only, as N = 1 D = 10 [15] and N = 2 D = 10 [16] . 3 The full order supersymmetric completion may be viewed as a direct proof of the existence of the supersymmetric double field theory (SDFT). Especially the N = 2 D = 10 SDFT unifies type IIA and IIB supergravities in a manifestly covariant manner with respect to all the bosonic symmetries listed in Table 1 . While the theory is unique, the solutions turn out to be twofold. Type IIA and IIB supergravities are identified there as two different types of solutions rather than two different theories. 2 In fact, in the full order supersymmetric extensions of D = 10 DFT, both N = 1 [15] and N = 2 [16] , the 1.5 formalism which is familiar in supergravities works nicely with the projectors rather than with the generalized metric, c.f. footnote 16. 3 c.f. [35, [62] [63] [64] [65] for linear order analysis with different details.
• O(10, 10) T-duality (hidden symmetry)
• DFT-diffeomorphisms, generated by the generalized Lie derivative (1.3)
• A pair of local Lorentz symmetries, Spin(1, 9) × Spin(9, 1)
• N = 2 local supersymmetry of 32 supercharges Table 1 : Symmetries of N = 2 D = 10 SDFT. The doubling of the Lorenz groups reflects the existence of the left and right modes in closed strings. The O(10, 10) T-duality is a priori not a Noether symmetry.
Beyond Supergravity. The aspects of DFT depicted above mainly concern the theme of reformulating (or unifying) the already known supergravities in a duality manifest manner. Yet, there are also evidences that DFT may well extend beyond the supergravity realm. Applying the Scherk-Schwarz reduction method to DFT, it has been realized that one can actually relax the section condition (1.2) [27] -and hence beyond supergravity-and derive all the known gauged supergravities in lower than ten dimensions [27-33, 43, 52] .
Further reasons to believe that DFT is not a mere rewriting of supergravities are, in our view, threefold: Historically, the generalized metric was spelled at first as a composite of the metric and the B-field [1] .
Yet, it has become evident that it is also possible to define the generalized metric in a more abstract and covariant fashion, i.e. simply as a symmetric O(D, D) element, since the most general form of such a 2D × 2D matrix can be parametrized or solved by a pair of D × D matrices, one symmetric and the other anti-symmetric. Naturally these can be identified as the Riemannian metric and the B-field. However, the parametrization is not unique: O(D, D) rotations as well as various field redefinitions can be freely applied. 5 Only a concrete choice of the section, e.g.
∂ ∂ỹµ ≡ 0, may pin down a specific parametrization to be compatible with the standard Riemannian geometry. However, when we consider further reductions from D to lower dimensions, there is no longer a single preferred parametrization. It may well be better to 4 This property is also shared with generalized geometry [62] [63] [64] [65] . 5 The parametrization is only unique up to the O(D, D) rotations and field redefinitions.
work with the parametrization-independent and O(D, D) covariant genuine DFT-field variables without taking any parametrization, at least for the compactified sector if not all.
Especially in the construction of the N = 2 D = 10 SDFT [16] , in order to manifest all the symmetric structures, and also for the successful full order supersymmetric completion, it was necessary to postulate the fundamental fields to be precisely the following variables: The DFT-dilaton, d, DFT-vielbeins, V Ap , V Ap , and the R-R potential, C αᾱ , plus fermions. The DFT-vielbeins are defined to satisfy the following four algebraic relations [11, 12] 
such that they generate the pair of projectors (1.5) as P AB = V A p V Bp ,P AB =V ApVBp . The R-R potential, C αᾱ , is set to be an O(10, 10) singlet and to assume a bi-fundamental spinorial representation of Spin(1, 9) × Spin(9, 1). Only after a diagonal gauge fixing of Spin(1, 9) × Spin(9, 1), the DFTvielbeins and the bi-fundamental R-R potential may be parametrized by the usual Riemannian variables,
i.e. zehnbein, B-field and various R-R p-form fields. Furthermore, the R-R sector in the diagonal gauge can be mapped to an O(10, 10) spinor, as a consequence of compensating local Lorentz rotation whose job is to preserve the diagonal gauge [13] .
It is an open question how to couple the Spin(1, 9) × Spin(9, 1)
bi-fundamental spinorial R-R potential to D-branes as well as to fundamental strings in a covariant manner. formed on flat n-dimensional tori, the obvious subgroup, O(n, n), becomes a Noether symmetry (or the "enhanced" symmetry) of the reduced action. DFT guides how to perform the O(n, n) rotations in a convenient way, which can be used as a solution generating technique. More generically, T-duality should be able to act on any isometry direction and this procedure involves finite DFT-coordinate transformations.
Namely, if the background admits a generic isometry, but somehow the given coordinate system does not manifest it, in order to apply the DFT O(D, D) transformation rule, it is necessary to take the following steps. First to change the coordinate system to a new one where the isometry direction becomes manifest,
i.e. all the fields are explicitly independent of one particular coordinate, second to apply the DFT O(D, D)
T-duality rotation rule, and third to come back to the original coordinate system. 6 In (1.6), ηpq = diag(− + + · · · +) andηpq = diag(+ − − · · · −) are ten-dimensional metrics for Spin (1, 9) and Spin(9, 1) respectively [13, 16] .
While the infinitesimal DFT-diffeomorphism generated by the generalized Lie derivative is by now well understood, e.g. in terms of the semi-covariant, T-geometry [10] [11] [12] [13] [14] , or others [40, 42] , [43] , the finite case has been much less studied, except [41] . Besides the practical benefit of obtaining a solution generating technique, clear geometric understanding of the finite DFT-diffeomorphism should shed light on "non-geometric" (or non-Riemannian) aspects of supergravity and eventually string theory itself [67] .
A first step in this direction was taken in [41] .
Organization. In this paper, being motivated by the above necessities, keeping [41] as our key reference, we conduct research on the finite DFT-diffeomorphism. The organization of the work is as follows.
• In section 2, we argue that in double field theory subject to a section condition, the coordinates do not represent the physical points in an injective manner. A physical point should be rather one-toone identified with a 'gauge orbit' in the coordinate space. We view then the DFT-diffeomorphism symmetry as an invariance under arbitrary reparametrizations of the gauge orbits. We name the associated gauge symmetry, 'coordinate gauge symmetry'.
• In section 3, taking the coordinate gauge symmetry into account, we study the exponential maps, both for the DFT-coordinates and for the DFT-tensors. In particular, by formally considering an exponentiation of the generalized Lie derivative, we derive a tensorial finite transformation rule, c.f.
(3.53) and (3.55). We then show that, up to the coordinate gauge symmetry, an earlier tensorial transformation rule proposed in [41] is consistent with our formal solution and hence with the exponential map.
• In section 4, we choose a specific section, called canonical section, to solve the section condition and to reduce the DFT-geometry to Riemannian geometry. Upon the canonical section, we identify the coordinate gauge symmetry with the B-field gauge symmetry.
• In section 5, we review, from [10, 11] , the semi-covariant derivatives and the semi-covariant curvatures, along with their full covariantization with the help of the projectors for the 'infinitesimal' DFT-diffeomorphism. We then discuss an extension to the 'finite' case. We show, both for our formal tensorial transformation rule and for the one proposed in [41] , the full covariance of the semi-covariant derivatives and curvatures persists for the 'finite' DFT-diffeomorphism too.
• In section 6, we conclude with summary and comments.
Convention. Unless mentioned explicitly, our analyses are fully O(D, D) covariant and parametrizationindependent, without choosing any specific section. When it is done like section 4, we shall refer to the canonical choice of the section. This means, for the full DFT-coordinates, x A = (ỹ µ , y ν ), and for the DFT-vielbein, we set at least locally [11, 12] ,
For example, with the canonical choice of the section (1.7), the infinitesimal DFT-diffeomorphism parame-
, is clearly divided into two parts: the first half, λ µ , for the B-field gauge symmetry and the second half, ξ ν , for the Riemannian diffeomorphism (or the ordinary Lie derivative), such that the generalized Lie derivative acting on the DFT-vielbein, δV Ap =L V V Ap , gives rise to
For the sake of simplicity we also often adopt a matrix notation to suppress spacetime indices. In this case, with one exception, it is always assumed that the matrices carry the row index at the south-west corner and the column index at the north-east corner, e.g. M A B . The only exceptional matrix is the O(D, D) metric,
While the two matrices, M and M t , cannot be multiplied by each other due to their conflicting index structures (note ' M tA B '), the product of M andM does make sense.
Throughout the paper, all the fields, both DFT-tensors and DFT-diffeomorphism parameters, are always assumed to satisfy the section condition (1.2).
Let us consider an arbitrary DFT-tensor, T A 1 A 2 ···An (x). A generic (local) shift of the coordinates,
gives
Hence, in particular, if the superscript index of ∆ A comes directly from a DFT-coordinate derivative,
the shift is trivial due to the section condition (1.2),
This simple observation leads us to propose an equivalence relation for the DFT-coordinates,
That is to say, the coordinates in double field theory do not represent the physical points in an injective manner. A physical point should be rather one-to-one identified with a 'gauge orbit' in the coordinate space. Henceforth, we call this gauge symmetry (2.4), 'coordinate gauge symmetry'.
The coordinate gauge symmetry is additive, being Abelian in nature, 5) and hence in general,
With the canonical choice of the section (1.7), for arbitrary constants, c µ , if we choose φ = 1 and ϕ = c µ y µ , we note from (2.4),
That is to say, upon the canonical section, the dual winding coordinates,ỹ µ , are all non-physical, irrelevant. The physical gauge orbits extend through the dual winding directions, and the 'ordinary' coordinates, y ν , alone faithfully represent the physical points. Of course, this is quite a natural picture to be expected restricted on each local chart.
In general, with nontrivial φ, upon the canonical section the coordinate gauge symmetry can be identified with the B-field gauge symmetry: From (1.8), with the infinitesimal DFT-diffeomorphism parameter,
the generalized Lie derivative produces only the B-field gauge transformation,
Through exponentiation, we shall show below that this identification is still valid for 'finite' transformations, c.f. (4.9).
Exponential map
In this section, paying attention to the coordinate gauge symmetry, we investigate the exponential maps for DFT-coordinates and DFT-tensors.
Exponential map for DFT-coordinates
For a given infinitesimal DFT-diffeomorphism parameter, V A (x), introducing a real parameter, s, we define an exponential map for the DFT-coordinates,
by letting
that the power expansion of x A s in s reads
Hence, with (3.2), we note 5) and consequently,
Namely it is s-independent. This result can be used, e.g. to show that, 7 generically acting on an arbitrary DFT-tensor, the differential operator, e sV B (x)∂ B , shifts the arguments from x A to x A s ,
The inverse map is, from (3.4), (3.6) and (3.7),
Further, from (3.4) and due to the section condition, replacing the parameter,
Hence the replacement generates the coordinate gauge symmetry (2.6),
This suggests us to impose an equivalence relation now for the infinitesimal DFT-diffeomorphism parameters,
It is useful to introduce, from (3.4), 12) which satisfies the section condition and also, for the inverse map (3.8),
We further set a matrix, L, by 14) and obtain, from (3.13),
It is worth while to note that under the coordinate gauge symmetry transformation of the DFT-diffeomorphism parameter (3.11),
the matrices, L andL −1 , transform as
where we set a traceless nilpotent matrix,
These properties ensure that the determinants are invariant under the coordinate gauge symmetry,
Similarly for the derivative of the DFT-diffeomorphism parameter, we let
The section condition implies then 22) and, acting on an arbitrary DFT-tensor,
Further, with
we have 25) and
Hence, if we set 27) it follows
In fact, it is this O(D, D) element, F , that was proposed in [41] as the matrix representation of a finite DFT-diffeomorphism. 9 In the next subsection (section 3.2), we shall study in detail the relation between 9 Our 'passive'FA B corresponds to FA B in [41] . See also the footnote 10.
the matrix, F , and the exponentiation of the generalized Lie derivative subject to the coordinate gauge symmetry. For this purpose, in the remaining of this subsection, we shall prepare some useful formulae related to F .
Properties of F
From (3.22), (3.23) and
for an arbitrary DFT-tensor, we note
Hence, up to the section condition, we have
In fact, this is an 'active' rederivation of a 'passive' result in [41] , 10 i.e.
10 The transformation of a field is 'active' and the change of a coordinate system is 'passive':
While the former is more relevant to Noether symmetry, the latter is more popular in general relativity literature. In this work, we mainly focus on the finite DFT-diffeomorphism through the exponentiation of the generalized Lie derivative, and hence the 'active' point of view. For a 'passive' analysis, from (3.15), we note
This expression then shows that the section condition is preserved under the change of the DFT-coordinate systems, as discussed
From (3.18), under the coordinate gauge symmetry, the matrix, F , transforms as
Further, from (3.14) and (3.19), we can rearrange the expression inside the parentheses as 11
such that the coordinate gauge symmetry of F (3.32) can be organized as
where F ′ is 'another F matrix' corresponding to the genuine coordinate gauge symmetry, x A → x A +sΥ A , 35) which has the components,
Now, from the definition of the exponential map (3.2), we obtain
and hence
11 It is also worth while to note
A .
In particular, the right hand sides of (3.37) and (3.38) are given by products of two quantities whose arguments are positioned at two different points, x and x s .
We introduce a differential operator,
satisfying, first of all,
It follows from (3.5) that, (3.37) and (3.38) are equivalent to
In contrast to (3.37) and (3.38), the right hand sides are now all positioned at the same point, x. We may simply write then
Further, exponentiating these expressions we get
Finally, from (3.22), (3.25), (3.26) and (3.28), we obtain
Writing explicitly,
We shall come back to this expression in the next subsection.
Exponential maps for DFT-tensors
In this subsection, we turn to the exponential maps for DFT-tensors. In particular, we shall discuss two different, yet equivalent up to the coordinate gauge symmetry, tensorial exponential maps, and hence two different yet equivalent tensorial diffeomorphic transformation rules, c.f. (3.73).
We start with the following exponential map, 48) which is defined by the exponentiation of the generalized Lie derivative (1.3),
Here, the generalized Lie derivative acts on the finitely-transformed DFT-tensor, T sA 1 ···An (x), at the point,
x A , with the local parameter not V A (x s ) but V A (x). Since double field theories are well understood to be invariant under the infinitesimal transformation given by the generalized Lie derivative, the above exponential map realizes a finite 'Noether' symmetry transformation rule for the 'finite' DFT-diffeomorphism.
Especially, for a scalar density we have 50) or equivalently, with (3.39),
This differential equation has the following unique solution, from (3.6) and (3.42),
This result illustrates that the exponential map indeed corresponds to the 'active' -rather than 'passive'-transformation under the DFT-diffeomorphism, and further that after the transformation the scalar, φ s (x), still satisfies the section condition. 12 12 
c.f. (2.2) with ∆
Now for a generic DFT-tensor (density), we set
The condition for the exponential map (3.49) then reduces to
Hence, the solution is, in a similar formal fashion to (3.44),
Clearly, the matrix, R, and hence the transformed DFT-tensor, T sA 1 A 2 ···An (x), still satisfy the section condition. However, it appears hard to re-express the solution (3.55) in terms of L A B = ∂ A x B s (and its inverse) in a compact manner. 56) it is easy to show, like (3.28),R
Further, like (3.31), up to the section condition, we have
This equivalence can be proved, order by order in s, using the following 'recurrence' relation, 59) with the initial data, R = L = 1 at s = 0. Acting on an arbitrary DFT-tensor which is subject to the section condition, this differential operator is trivial. 13 13 Eq.(3.59) is a rearrangement of the expression,
See also (5.17) and its derivation later.
Henceforth, we compare the two matrices, R and F (3.27) [41] . First of all, from (3.28), (3.31), (3.57) and (3.58), both are O(D, D) elements and satisfy the 'chain rule',
On the other hand, from (3.46), (3.47) and (3.54), we note generically ∆ A B = 0, and hence they are distinct,
However, as for an alternative tensorial exponential map to (3.49) and (3.53), if we let in terms of F ,
we notice from (3.46) and (3.47) that the s-derivative of it coincides with a generalized Lie derivative,
where V A (x) is a new infinitesimal DFT-diffeomorphism parameter,
This new parameter has s-dependence and hence generically differs from V A (x), except at s = 0,
Using the new parameter, by analogy with (3.5), we may also define another coordinate exponential map,
which satisfies, like (3.6),
The s-expansion ofx A s readŝ
Nevertheless, crucially, V A (x) belongs to the same equivalence class as the original parameter, according to (3.11) ,
Hence,x A s and x A s are equivalent. They represent the same physical point, 70) such that, for an arbitrary DFT-tensor, we have
This coordinate equivalence can be shown more explicitly, order by order in s, using the formula,
Therefore, we conclude that, both matrices, F and R, represent the same DFT-coordinate transformation,
x A → x A s , up to the coordinate gauge symmetry. Their only difference amounts to the additional B-field gauge symmetry, c.f. (2.9) and also (4.9) later. That is to say, both the tensorial finite transformation rules, or the tensorial exponential maps, (3.53) and (3.62) which we recall:
equally well realize the DFT-diffeomorphism symmetry given by the exponential maps, 
In particular, we have for the DFT-vielbein,
and for the DFT-dilaton, 
Reduction to Riemannian geometry upon canonical section
Upon the canonical section (1.7), with theỹ-independent DFT-diffeomorphism parameter,
We have then, for (3.14), (3.16) and (3.27),
and
where we put D × D matrices, l and ∂f , along with a one-form,f ,
It follows, from (3.62) , that the 'finite' transformation of the DFT-vielbein (1.7),
is equivalent to the ordinary Riemannian diffeomorphism plus the B-field gauge symmetry,
Further, the additional coordinate gauge symmetry, F → F ′ F (3.34), (3.35) , modifies the B-field gauge symmetry only, without changing the vielbein transformation,
This may have been anticipated from the covariant expression,
Conclusively, upon the canonical section, the coordinate gauge symmetry is identified with the B-field gauge symmetry.
With (3.21), explicitly as
and using 11) it is straightforward to confirm (3.41) and (3.46),
where now
On the other hand, with a one-form, Ω µ , if we let for (3.53),
the defining property of R (3.54) reduces to 15) and hence, with some scalar, Φ, the one-form should satisfy 
Covariance of the semi-covariant derivatives and curvatures
The semi-covariant derivative, ∇ A = ∂ A + Γ A , was introduced in [10, 11] ,
with the connection,
This connection is the DFT analogy of the Christoffel connection in Riemannian geometry, as it is the unique solution to the following requirements [11] .
• The semi-covariant derivative is compatible with the O(D, D) metric,
• The semi-covariant derivative annihilates the whole NS-NS sector, i.e. the DFT-dilaton 14 and the pair of projectors (1.5),
14 Since e −2d is a scalar density with weight one, ∇Ad = − • The cyclic sum of the connection vanishes,
• Lastly, the connection corresponds to a kernel of rank-six projectors,
where
In particular, the two symmetric properties, (5.3) and (5.5), enable us to replace the ordinary derivatives in the definition of the generalized Lie derivative (1.3) by the semi-covariant derivatives [10] ,
The rank-six projectors satisfy the projection property,
Besides, they are symmetric and traceless,
Now, under the infinitesimal DFT-coordinate transformation set by the generalized Lie derivative, the semi-covariant derivative transforms as
The sum on the right hand side corresponds to a potentially anomalous part against the full covariance.
Hence, in general, the semi-covariant derivative is not necessarily covariant. 15 However, since the anomalous terms are projected by the rank-six projectors which satisfy the properties in (5.10), it is in fact possible to eliminate them. Combined with the projectors, the semi-covariant derivative -as the name indicatescan be converted into various fully covariant derivatives [11] :
(5.12)
In the above, and in the paper [11] , the full covariance implies that, the 'infinitesimal' transformation coincides with the generalized Lie derivative, for example,
(5.13)
We now turn to the 'finite' DFT-diffeomorphism and generalize the above infinitesimal covariance to the finite case. We do this for both tensorial transformation rules, one from (3.53),
14) 15 However, (5.3) and (5.4) are exceptions as the anomalous terms vanish identically, thanks to (5.10).
and the other from (3.62) [41] ,
The finite transformations of the DFT-dilaton and the projection operator in (5.14) and (5.15) further induce the transformation of the connection through (5.2), and hence the transformation of the semi-covariant derivative,
The full 'finite' covariance of the covariant derivatives listed in (5.12) means then that, under 'finite' DFTdiffeomorphism, they follow precisely the same tensorial transformation rule, either (5.14), 17) or (5.15), Similarly, with the standard 'field strength' of the connection,
the semi-covariant curvature is defined [11] ,
Under the infinitesimal DFT-diffeomorphism, we have
Hence, with the help of the projectors, the fully covariant curvatures are [11, 15] 16
Under the finite DFT-diffeomorphism, we now have the following covariant transformations,
and 
Conclusion
We summarize our main assertions.
• A physical point in DFT is one-to-one identified with a 'gauge orbit' in the coordinate space (2.6),
• With the coordinate gauge symmetry (6.1), DFT-diffeomorphism symmetry means an invariance under arbitrary reparametrizations of the gauge orbits.
• While the coordinate gauge symmetry does not change the physical point (2.3), • The coordinate gauge symmetry allows more than one tensorial diffeomorphic transformation rules which differ from each other by the B-field gauge symmetry, such as (3.53) and (3.62) [41] ,
The s-derivative of each transformed DFT-tensor coincides with the generalized Lie derivative, Hence both transformation rules realize a 'finite' Noether symmetry in double field theory.
• All the covariantized semi-covariant derivatives (5.12) and semi-covariant curvatures (5.22), from [10, 11] , are fully covariant under not only the 'infinitesimal' but also the 'finite' DFT-diffeomorphism.
They follow the finite covariant transformation rules, (6.3), too.
Having the DFT-tensor finite transformation rules at hand, we may explicitly combine the O(D, D) rotations and the DFT-coordinate transformations. In particular, we may perform an O(D, D) T-duality rotation along an arbitrarily given isometry direction. 17 We first change to a new coordinate system (and hence passiveF A B ) where the isometry direction is manifest and all the fields are explicitly independent of one particular coordinate. We apply straightforwardly The identification of the coordinate gauge symmetry with the B-field gauge symmetry was done, both infinitesimally (2.9) and finitely (4.9), referring to the canonical parametrization of the DFT-vielbein (1.7).
This can be further straightforwardly extended to the other 'twin' orthogonal DFT-vielbein (1.6) [11, 12] and also to the DFT Yang-Mills vector potential [14] ,
The generalized Lie derivatives of them lead to precisely the same B-field transformation rule as (2.9), while the transformations of other component fields,ē λp , A µ , Φ ν , are trivial.
Throughout the analyses, we have strictly imposed the section condition or the strong constraint. The relaxation of it (c.f. [27-33, 43, 52] ) is beyond the scope of the present paper and remains for future work.
Generalization to the U-duality in M-theory [45] [46] [47] [49] [50] [51] [52] [53] [54] [55] [56] (or the "exceptional field theory" [54, 55] ) is also of interest. In terms of a U-duality invariant tensor, the coordinate gauge symmetry will assume the form,
Especially, for the SL(5) U-geometry [53] ,
